metal-organic compounds 



Acta Crystallographica Section E 

Structure Reports 
Online 

ISSN 1600-5368 

Bis(N-isopropyl-N-methyldithio- 
carbamato-K ,2 S / S / )(1 ,1 0-phenanthroline- 

tc 2 N,N')z\nc 

Nor Asiken Abdul Wahab, 3 Ibrahim Baba, a t 
Mohamed Ibrahim Mohamed Tahir b and Edward R. T. 
Tiekink c * 

a School of Chemical Sciences and Food Technology, Faculty of Science and 
Technology, Universiti Kebangsaan Malaysia, 43600 Bangi, Malaysia, b Department 
of Chemistry, Universiti Putra Malaysia, 43400 Serdang, Malaysia, and c Department 
of Chemistry, University of Malaya, 50603 Kuala Lumpur, Malaysia 
Correspondence e-mail: edward.tiekink@gmail.com 

Received 3 April 201 1 ; accepted 4 April 201 1 

Key indicators: single-crystal X-ray study; T = 1 50 K; mean cr(C-C) = 0.004 A; 
R factor = 0.036; wR factor = 0.093; data-to-parameter ratio = 21 .0. 

The Zn 11 atom in the title compound, [Zn(C 5 H 10 NS 2 ) 2 - 
(Ci 2 H 8 N 2 )], exists in a distorted as-octahedral N 2 S 4 donor 
set defined by two chelating dithiocarbamate anions as well as 
a 1,10-phenanthroline ligand. Each of the ligands coordinates 
in a symmetric mode. The crystal packing is stabilized by weak 
C— H- ■ S, C— H- ■ -7r(ZnS 2 C) and jt-jt [ring centroid distance 
between centrosymmetrically related pyridyl rings = 
3.5955 (13) A] interactions. 

Related literature 

For the use of the parent zinc compound and nitrogen adducts 
as precursors for ZnS nanop articles, see: Motevalli et al. 
(1996); Malik et al. (1997). For background to supramolecular 
polymers of zinc-triad dithiocarbamates and related struc- 
tures, see: Benson et al. (2007); Jamaluddin et al. (2011). For a 
description of C— H- ■ -7r(MS 2 C) interactions, see: Tiekink & 
Zukerman-Schpector (2011). 




Experimental 

Crystal data 

[Zn(C 5 H 10 NS 2 ) 2 (C 12 H s N 2 )] 

M, = 542.09 

Monoclinic, Kj/n 

a = 11.8015 (3) A 

b = 16.6316 (4) A 

c = 13.7505 (3) A 

/3 = 101.738 (2)° 

Data collection 

Oxford Diffraction Xcaliber Eos 

Gemini diffractometer 
Absorption correction: multi-scan 

(CrysAlis PRO; Oxford 

Diffraction, 2010) 

7mi„ = 0.777, r maI = 0.860 

Refinement 

R[F 2 > 2a(F 2 )] = 0.036 

wR(F 2 ) = 0.093 

S = 1.04 

6001 reflections 

286 parameters 



Table 1 

Selected bond lengths (A). 



V= 2642.48 (11) A J 
Z = 4 

Mo Ka radiation 
ii = 1.26 mm~' 
T = 150 K 

0.25 x 0.20 x 0.12 mm 



33394 measured reflections 
6001 independent reflections 
4814 reflections with / > 2a(I) 
R iM = 0.064 



6 restraints 

H-atom parameters constrained 
A/w = 0.66 e A~ 3 
Ap mi „ = -0.50 e A~ 3 



Zn-Sl 
Zn-S2 
Zn-S3 



2.4782 (6) 
2.5408 (7) 
2.5031 (6) 



Zn-S4 
Zn-N3 
Zn-N4 



2.5132 (7) 
2.1939 (18) 
2.1970 (19) 



Table 2 

Hydrogen-bond geometry (A, °). 

Cgl is the centroid of the Zn,Sl,S2,Cl chelate ring. 



D-H-A 


7J-H 


H- ■ A 


D- ■ A 


D-H-A 


C7-H7b- ■ S2' 


0.98 


2.79 


3.734 (3) 


162 


C13-H13---S4" 


0.95 


2.82 


3.634 (2) 


145 


C21-H21-S1'" 


0.95 


2.84 


3.684 (3) 


149 


C20-H20- ■ -Cgl'" 


0.95 


2.74 


3.687 (2) 


173 


Symmetry codes: 
-x + §,.y + !,-£ + §; 


(i) * ~ h ~ 
(iv) x - I, -y 


y + i,z + l; (ii) 


-,v + l,-yH 


-l.-z + 1; (ill) 



Data collection: CrysAlis PRO (Oxford Diffraction, 2010); cell 
refinement: CrysAlis PRO; data reduction: CrysAlis PRO 
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008) 
program(s) used to refine structure: SHELXL97 (Sheldrick, 2008) 
molecular graphics: ORTEP-3 (Farrugia, 1997) and DIAMOND 
(Brandenburg, 2006); software used to prepare material for publi- 
cation: publCIF (Westrip, 2010). 
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Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: HB5835). 



t Additional correspondence author, e-mail: aibi@ukm.my. 



Acta Cryst. (2011). E67, m553-m554 



doi:1 0.1 107/S1 60053681 1012499 



Wahab eta/. ITl553 



metal-organic compounds 



References 

Benson, R. E., Ellis, C. A., Lewis, C. E. & Tiekink, E. R. T. (2007). 

CrystEngComm, 9, 930-940. 
Brandenburg, K. (2006). DIAMOND. Crystal Impact GbR, Bonn, Germany. 
Farrugia, L. J. (1997). ./. Appl. Cryst. 30, 565. 

Jamaluddin, N. A., Baba, I., Mohamed Tahir, M. I. & Tiekink, E. R. T. (2011). 

Acta Cryst. E67, m384-m385. 
Malik, M. A., Motevalli, M., O'Brien, P. & Walsh, J. R. (1997). Inorg. Chem. 36, 

1263-1264. 



Motevalli, M., O'Brien, P., Walsh, J. R. & Watson, I. M. (1996). Polyhedron, 15, 
2801-2808. 

Oxford Diffraction (2010). CrysAlis PRO. Oxford Diffraction Ltd, Yarnton, 
England. 

Sheldrick, G. M. (2008). Acta Cryst. A64, 112-122. 

Tiekink, E. R. T. & Zukerman-Schpector, J. (2011). Chem. Commun. 

doi:10.1039/clcclll73f. 
Westrip, S. P. (2010). /. Appl. Cryst. 43, 920-925. 



ITI554 Wahab eta/. • [Zn(C 5 H, 0 NS 2 ) 2 (C, 2 H 8 N 2 )] 



Acta Cryst (2011). E67, m553-m554 



supplementary materials 



supplementary materials 



Acta Cryst. (2011). E67, m553-m554 [ doi:10.1107/S1600536811012499 ] 

BisCAMsopropyl-TV-methyldithiocarbamato- )(l,10-phenanthroline- zinc 
N. A. A. Wahab, I. Baba, M. I. Mohamed Tahir and E. R. T. Tiekink 

Comment 

The title compound Zn[S2CN(Me)iPr)2]2(l,10-phenanthroline), (I), was investigated as a part of on-going studies of 
zinc-triad dithiocarbamates and their adducts (Benson et ah, 2007; Jamaluddin et ah, 2011). The dinuclear parent 
{Zn[S2CN(Me)iPr]2}2 compound and its nitrogen-based adducts have proven useful as synthetic precursors for ZnS nano- 
particles (Motevalli et ah, 1996; Malik et al, 1997). 

The Zn atom in (I), Fig. 1, is chelated by two symmetrically coordinating dithiocarbamate ligands, Table 1, and also 
symmetrically by the 1,10-phenanthroline ligand. The symmetric mode of coordination of the dithiocarbamate ligands is 
reflected in the narrow range of associated C— S bond distances, i.e. 1.718 (2) to 1.724 (2) A, which are in fact experimentally 
equivalent. The N2S4 donor set defines a distorted octahedron with distortions readily explained in terms of the restricted 
bite distances of the chelating ligands. 

The crystal structure is stabilized by weak intermolecular interactions. These include C — H--S and C — H-7i(ZnS2C), 
Table 2, and n-n interactions. The C — H- -7i(ZnS2C) contacts have precedents in the crystal chemistry of metal dithiocar- 
bamates (Tiekink & Zukerman-Schpector, 2011). The n— n interactions occur between centrosymmetrically related pyridyl 

rings [ring centroid(N3,Cll-C15)-ring centroid(N3,Cll-C15) i = 3.5955 (13) A for i: 1 - x, 1 - y, 1 - z\ A view of the 
unit-cell contents is shown in Fig. 2 where it can be seen that globally, the crystal packing comprises alternating layers of 
ZnS2CN/ 1,10-phenanthroline residues and alkyl groups. 

Experimental 

The title compound was prepared using an in situ method by the addition of carbon disulfide (0.02 mol) to an ethanolic 
solution (20 ml) of isopropropyl(methyl)amine (0.02 mol) and 2,2'-bipyridine (0.01 mol) in ethanol (20 ml). The mixture 
was stirred for 1 h at 277 K. The resulting solution was added drop-wise to a solution of zinc(II) dichloride (0.01 mol) 
in ethanol (20 ml). The mixture was stirred for a further 2 h. The yellow precipitate was filtered and washed with cold 
ethanol, and dried in a desiccator. Crystallization was carried using an ethanolxhloroform (1:2 v/v) solvent system to yield 
pale yellow prisms of (I); Mpt. 420^121 K. Elemental analysis. Found (calculated) for C22H32CdN 4 S 4 : C, 46.49 (46.36); 
H 5. 13 (5.45); N 10.74 (10.81) %. UV (CHCI3) X max 306.5 nm (L(n) -> L(n*)). IR (KBr): v(C — H) 2928 s; v(C-N) 1564 

s; v(N— C) 1473 s; v(C-S) 976 s; v(Cd— S) 384 s cm' 1 . 
Refinement 

Carbon-bound H-atoms were placed in calculated positions (C — H 0.95 to 1.00 A) and were included in the refinement in 
the riding model approximation, with (7i S0 (H) set to 1.2 to 1.5C/ e q U i v (C). Disorder was noted in the N-alkyl groups of both 
dithiocarbamate ligands. However, multiple sites could not be resolved. The C7 atom was refined with the ISOR command 
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in SHELX76 (Sheldrick, 2008) in order to obtain a reasonable displacement ellipsoid. The crystallographic assignment of 
atom types (in response to a level B alert concerning a Hirshfeld test difference for the N2 — C7 bond) was substantiated 
by the elemental analysis and spectroscopy. 



Figures 




Fig. 1. The molecular structure of of (I) showing displacement ellipsoids at the 50% probabil- 
ity level. 



Fig. 2. A view in projection down the b axis of the unit-cell contents for (I). The intermolecu- 
lar C — H— S, C — H- -7i(ZnS2C) and n-n contacts are shown as orange, blue and purple dashed 
lines, respectively. 
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Bis(iV-isopropyl-iV-methyldithiocarbamato- k S,S')(1,10-phenanthroline-K N,N')z'mc 



Crystal data 

[Zn(C 5 H 10 NS 2 ) 2 (C 12 H 8 N 2 )] 
M r = 542.09 
Monoclinic, P2\ln 
Hall symbol: -P 2yn 
a= 11.8015 (3) A 
6 = 16.6316 (4) A 
c= 13.7505 (3) A 
(3= 101.738(2)° 

V= 2642.48 (11) A 3 
Z=4 



F{0Q0) = 1128 

D x = 1.363 MgnT 3 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 1 1977 reflections 

6 = 2-29° 

= 1.26 mm 1 
T= 150 K 
Prism, pale-yellow 
0.25 x 0.20 x 0.12 mm 



Data collection 

Oxford Diffraction Xcaliber Eos Gemini 
diffractometer 

Radiation source: fine- focus sealed tube 
graphite 

Detector resolution: 16.1952 pixels mm" 1 
co scans 

Absorption correction: multi-scan 



600 1 independent reflections 

4814 reflections with / > 2o(I) 
R int = 0.064 

©max — 27.5 , 0 m i n — 2.2 



h = -l5- 
k = -2\- 



► 15 
►21 
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(CrysAlis PRO; Oxford Diffraction, 2010) 

T min = 0.777, T max = 0.860 / = -17->17 

33394 measured reflections 



Refinement 



Refinement on F 
Least-squares matrix: full 
R[F 2 > 2o{F 2 )} = 0.036 
wR(F 2 ) = 0.093 
S= 1.04 

6001 reflections 
286 parameters 
6 restraints 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 

w = V[a 2 (F 2 ) + (0.0376P) 2 + 1.5727P] 
where P = (F D 2 + 2F 2 )/3 
(A/o) max = 0.001 

Apmax = 0.66 e A~ 3 



= -0.50eA 3 



Special details 

Geometry. All s.u.'s (except the s.u. in the dihedral angle between two Is. planes) are estimated using the full covariance matrix. The 
cell s.u.'s are taken into account individually in the estimation of s.u.'s in distances, angles and torsion angles; correlations between 
s.u.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell s.u.'s is 
used for estimating s.u.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , conventional 

R- factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2o(F 2 ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. i?-factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


II- *ITJ 
u iso ' u eq 


Zn 


0.74542 (2) 


0.617296 (16) 


0.733396 (19) 


0.02087 (9) 


SI 


0.88167 (5) 


0.51904 (4) 


0.82966 (4) 


0.02410 (14) 


S2 


0.94125 (6) 


0.63431 (4) 


0.68609 (4) 


0.02614 (15) 


S3 


0.74451 (5) 


0.71890(4) 


0.86753 (4) 


0.02513 (15) 


S4 


0.57158 (5) 


0.59097 (4) 


0.80817 (4) 


0.02474 (14) 


Nl 


1.08885 (19) 


0.52534 (15) 


0.78012 (17) 


0.0349 (5) 


N2 


0.55956 (18) 


0.70121 (13) 


0.94727 (15) 


0.0289 (5) 


N3 


0.68974(16) 


0.53855 (11) 


0.60453 (13) 


0.0188(4) 


N4 


0.65988 (16) 


0.69879 (11) 


0.61528 (14) 


0.0206 (4) 


CI 


0.9824 (2) 


0.55502 (15) 


0.76623 (17) 


0.0239 (5) 


C2 


1.1701 (3) 


0.5547 (2) 


0.7204 (3) 


0.0553 (9) 


H2A 


1.1340 


0.5512 


0.6497 


0.083* 


H2B 


1.2404 


0.5218 


0.7338 


0.083* 


H2C 


1.1901 


0.6108 


0.7377 


0.083* 


C3 


1.1290 (3) 


0.45930 (18) 


0.8512(2) 


0.0450 (8) 
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U.UU /3 (Z) 


ft ftftCK ^1A 

u.uuy3 (3 ) 


o4 


ft (MAI fx\ 
U.UZ4 / (3) 


A A77T 

U.UZ /Z (3) 


U.UZZO (3 ) 


A AA C 1 

U.UUjI (Z) 


n nnc/i /")\ 
U.UU 34 (Z ) 


ft ftftC7 f")"\ 

u.uuo / (Z) 


IN 1 


U.UZ4/ (1Z) 


A A/1 /I 7 / 1 /] \ 

U.U44 / (14) 


A AT Q7 /I T\ 

U.U35 / (1Z) 


A AACQ /I n\ 

u.uujy (iu) 


ft ft 1 /M ^1 ftA 
U.U 144 (1U) 


n ni /i c /1 1 \ 
U.U143 (11) 


XT') 
1NZ 


ft ft')^7 /1 
U.UZOZ (iz) 


U.U33Z (1Z) 


A AQA/1 /I 1 \ 

U.U3U4 (11) 


n nna7 ^n\ 
U.UU3 / (y) 


ft ft 1 1 1 fQA 
U.U131 (y ) 


ft ft 1 1^ n ft^ 

U.U133 (1U) 


IN 3 


a nine nm 
U.Uiyj (1U) 


A A1 7Q /I A\ 

U.U1 /V (1U) 


A A 1 Q7 (C\\ 

U.UlvZ yi ) 


n nn 1 z: /o\ 
U.UU10 (0 ) 


ft ftft/1^ ^7~\ 
U.UU4D ( /) 


ft ftftftC /^CA 
U.UUUO (0) 


XT/I 
IN 4 


n mft^ n\ 
U.UZUO (1U) 


A A1 AO (\ r\\ 

u.uiyo (1U) 


A AT 1 1 SQ\ 

u.uz 13 (y ) 


n nn 1 0 /o\ 
U.UU 1 0 (0) 


ft ftftlQ 

u.uu3y (0 ) 


ft ftft/1 7 
U.UU4 / (0) 


CI 


n fiTci /i i\ 
U.UZ31 (13) 


U.UZ3o (13) 


A AT 17 /I 1 \ 

U.UZ1 / (1 1) 


n nn in /1 n\ 
U.UU1U (1U) 


ft ftft71 

u.uu / 1 (y) 


ft ftftO 1 (\ (\\ 
U.UUZ1 (1U) 


CZ 


A ni/|£ /i o\ 
U.U340 (lo) 


A A7Q 

U.U /O (3 ) 


U.Uol (Z) 


ft Alio 
u.ui iy (io) 


ft ft^^l ^1 
U.UZ03 (13) 


u.uzo3 (iy) 


C3 


U.U3Z3 (10) 


A A/1 1/f/1D\ 

U.U4 10 (1 0) 


U.UO J (Z ) 


n ni/iQ /1 i\ 
U.U14V (13) 


ft ft 1 8/1 ^1 /1A 
U.Ulo4 (14) 


ft ft"") /I 1 ^1 
U.UZ41 (lo) 


C4 


a non 
U.UoU (3 ) 


A A/1Q /7\ 

U.U4V (Z) 


A 1 1 Q (A\ 

u. 1 iy (4) 


n ni 0 /">\ 
U.Ulo (Z) 


ft ftft7 ^1"\ 
U.UU / (3) 


ft ftftl f")~\ 
U.UU3 (Z) 


C3 


A A/1 1 <")\ 

U.U41 (Z) 


A A70 /Q-v 

U.U /O (3 ) 


A A*r 1 ( r )\ 

U.U01 (Z) 


n ni /:n /1 o\ 
U.U10U (lo) 


ft ftft/i c 

U.UU43 (10) 


ft ft"")7 f")~\ 
U.UZ / (Z) 


Co 


A ATAO (\ -i\ 

U.UZUo (IZ) 


A AT/] 1 / 1 1\ 

U.UZ41 (13) 


A A 1 Q1 /I 1 \ 

u.uiyi (ii) 


n nnn/c 

u.uuuo (y) 


ft ftftl/1 /^QA 
U.UU34 (y ) 


ft ftftl ^ fQA 

U.UU33 (y) 


C/ 


a A/i /i 7 /in 
U.U44/ (11) 


A A/1 TO /I 1 \ 

U.U43o (11) 


A A/1 A A /1 n\ 

U.U44U (1U) 


n nno/i /o\ 
U.UUZ4 (0) 


ft ft 1 ^ft (Si\ 
U.U 1 3U (0 ) 


ft ftftQC /'CA 

u.uuyo (0) 


Co 


U.UZ /0 (13) 


n n/i 1 1 (\ £\ 
U.U41 1 (lo) 


U.U340 (14) 


n nn in n t\ 
— U.UU3y (1Z) 


U.UI jj (11) 


n nnei n t\ 
— U.UU33 (1Z) 


cy 


U.U30 (Z J 


U.Uoy {3 ) 


A AO/I /"JA 

U.Uo4 (3 ) 


n ni no /1 n\ 

u.uiuo (iy) 


U.UZZ4 (lo) 


ft ftl 1 C~)\ 
U.U31 (Z) 


C1U 


A A£1 /")\ 

U.U01 (Z) 


U.Ujd (Z) 


A AT no (\ n\ 

U.U3yo (1 /) 


n nno /1 7\ 
U.UUoZ (1 /) 


ft ft^l 1 /1 
U.UZ31 (13) 


ft ftft17 (\ 
U.UU3 / (13) 


1 1 
CI 1 


a nim /'i i\ 
U.UZ3U (1 3) 


A AT) 1 /'I T\ 

U.UZZ1 (1Z) 


n mil ( \\ \ 
U.UZ33 (11) 


n nm z (\ (\\ 
U.UU3 j (1U) 


n nn/n 
U.UU4Z (y ) 


U.UU4U (1U) 


1 7 
C1Z 


A AT/1 1 /I "3\ 

U.UZ41 (13) 


A ai 7/: / 1 7\ 

U.U1 /O (1Z) 


U.UZoZ (1Z) 


n nni/i /n\ 
U.UUZ4 (y ) 


ft ftft7ft ^1 ft"\ 
U.UU /U (1U) 


ft ftftl 1 (\ (\\ 
U.UUZ1 (1U) 


^1 1 
C13 


A AT 1 /I /n'l 

U.UZ10 (IZ) 


A A^a/: / 1 7\ 

U.UZUO (1Z) 


U.UZ30 (11) 


n nn 1 ^ (c\\ 
U.UU1Z yi) 


ft ftft71 ^Q~\ 

u.uu / 1 (y) 


ft ftft/i /i n (\\ 

U.UU44 (1U) 


C14 


A A 1 7/: / 1 7\ 

U.U1 /0 (IZ) 


A AT 1 A / 1 7~\ 

U.UZ1U (1Z) 


n nonn 1 \ 

u.uzuy (11) 


n nn 1 n /n\ 

u.uuiy (y) 


ft ftft^l /^QA 

U.UU33 (y ) 


ft ftftO/1 (Qi\ 

u.uuz4 (y) 


CI J 


a a 1 /i 1 ni\ 
U.U 141 ( 1 1 ) 


A ai 77 / 1 1 \ 

U.U1 / / (11) 


U.U1V1 (1U) 


n nnno /n\ 
U.UUUZ (7 ) 


ft ftft/ie 

U.UU40 (0 ) 


ft ftftftft (Qi\ 

u.uuuu (y ) 


CIO 


A A 1 /z 1 ni\ 
U.U101 (,1 1 J 


A ai (in ( 1 1 \ 
U.UlD /(ll) 


n none (\ 1 \ 
U.UZUj (11) 


n nn 1 1 /n\ 

u.uui 1 (y) 


ft ftft/lQ f'CA 

u.uu4y (0 ) 


ft ftft 1 A 

u.uui4 (y) 


C17 


A A 1 *7A / 1 T 

U.U17U (12) 


a at aa /1 '^^ 

0.0200 (12) 


U.UZZZ (11) 


n nnn/i /n\ 

0.0004 (9) 


n nnT> /n\ 

0.0022 (9) 


n nnn*7 /n\ 

0.0007 (y) 


C18 


0.0283 (14) 


0.0245 (13) 


0.0207(11) 


-0.0016(10) 


-0.0019 (10) 


0.0023 (10) 


C19 


0.0281 (14) 


0.0278 (14) 


0.0164(11) 


-0.0034(10) 


0.0013 (9) 


-0.0021 (10) 


C20 


0.0224 (13) 


0.0212(13) 


0.0285 (12) 


0.0014(10) 


0.0029 (10) 


0.0043 (10) 


C21 


0.0286 (14) 


0.0175(12) 


0.0364 (14) 


0.0033 (10) 


0.0104(11) 


-0.0019(10) 


C22 


0.0296 (14) 


0.0216(13) 


0.0262 (12) 


0.0021 (10) 


0.0058(10) 


-0.0060(10) 



Geometric parameters (A, °) 



Zn— SI 


2.4782 (6) 


C7— H7A 


0.9800 


Zn— S2 


2.5408 (7) 


C7— H7B 


0.9800 


Zn— S3 


2.5031 (6) 


C7— H7C 


0.9800 


Zn— S4 


2.5132 (7) 


C8— C9 


1.508 (4) 


Zn— N3 


2.1939 (18) 


C8— C10 


1.521 (4) 


Zn— N4 


2.1970 (19) 


C8— H8 


1.0000 


SI— CI 


1.719(2) 


C9— H9A 


0.9800 


S2— CI 


1.724 (2) 


C9— H9B 


0.9800 


S3— C6 


1.718(2) 


C9— H9C 


0.9800 


S4— C6 


1.720 (2) 


C10— H10A 


0.9800 


NI— CI 


1.326 (3) 


C10— H10B 


0.9800 


NI— C2 


1.467 (3) 


C10— H10C 


0.9800 


NI— C3 


1.483 (3) 


Cll— C12 


1.399 (3) 


N2— C6 


1.331 (3) 


Cll— Hll 


0.9500 


N2— C7 


1.469 (3) 


C12— C13 


1.363 (3) 
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\n p o 
JNZ — Co 


1 A 16. (1 \ 

1.4/0 (3) 


nn nil 
ClZ — H1Z 


n ncnn 
U.y3UU 


JN3 — Cll 


1 i^n <"3\ 
1.32/ (3) 


C13 — C14 


1 A 1 1 

1.411 (3) 


JN 3 — C 1 3 


1 ICC /IN 

1.333 (3) 


C13 — 1113 


n ncnn 
U.y3UU 


nH CZZ 


1.334 (3 ) 


C14 — L-13 


1 AC\~I (1\ 

1 .4U / (3) 


JN'H — Clo 


1 1 Z/Z /I \ 

1.330 (3) 


/~i i a pin 

C14 — Cly 


1 /nn (i \ 
1.4Zy (3) 


PO IT") * 

Cz — HZA 


u.ysuu 


PK C 1 Z" 

C 1 3 — C 1 o 


1 A AC\ (1\ 

1.44U (3) 


po i no 
Cz — HZB 




c 1 z pn 
Clo — CI / 


1 /inn n\ 
1.4Uy (3) 


po inr 
CZ — HZC 


u.ysuu 


pn p^n 
C 1 / — CZU 


1 /inc /ia 
1.4U3 (3) 


p-i /-i /i 
C3 — C4 


1 cn<; /c\ 
1.3U0 (3) 


pn pio 
C 1 / — C 1 5 


1 A1(\ (1\ 

1.43U (3) 


p-l nr 

C3 — C3 


1 cn /c\ 
1.31Z (3) 


pio pin 

cio — ciy 


1 i cn (a \ 
1.33y (4) 


C3 — 113 


l.UUUU 


plO lilt) 

C 1 o — H 1 o 


n ncnn 
U.y3UU 


V_/r 1 1 1 r\ 


U.70UU 


v 1 y 1 1 1 y 


ft QSOfl 


C4 — H4B 


0.9800 


C20 — C21 


1.362 (3) 


C4 — H4C 


0.9800 


C20 — H20 


0.9500 


C5 — H5A 


0.9800 


C21 — C22 


1.395 (3) 


C5 — H5B 


0.9800 


C21 — H21 


0.9500 


C5 — H5C 


0.9800 


C22 — H22 


0.9500 


Ml V M/1 

JN3 — Zn — JN4 


*7C *7Z" /"7\ 
/3. /O ( /) 


MT P"7 U"7 A 

JN2 — C/ — til A 


1 nn £ 
109.5 


JN3 — Zn — M 


AC 11 SZ\ 

V3.33 (3) 


»n pt in o 
JN2 — C / — HI a 


1 nn £ 
109.5 


M/1 V C 1 

JN4 — Zn — M 


1 ZIO T) /C\ 

loZ.ZZ (3) 


U"7 A P"7 in o 

H /A — C / — rl Id 


1 nn £ 
109.5 


JN3 — Zn — so 


i /;') in /c\ 
10Z.3U (3) 


MT P"7 U"7P 

JN2 — C / — H/C 


1 nn £ 
109.5 


M/1 V CI 

JN-h — Zn — S3 


m n /c\ 
V3.33 (3) 


U"7 A P"7 U"7P 

HI A — C/ — H/C 


1 nn £ 
109.5 


C 1 v.. C 1 

M — Zn — a 3 


no £c\ /">\ 

vo.oy (Z) 


I I "7 [") P"7 1|7P 

H/B — C/ — H/C 


1 nn £ 
109.5 


Ml V C A 

IN 3 — Zn — a4 


nc /c\ 
y3.Z3 (3) 


MT po pn 
JN2 — C8 — C9 


1 1 n n ("t\ 
1 10.0 (2) 


M/1 V QA 

IN 4 — zn — a4 


nz; oc /c\ 

yo.o3 (3) 


xn po pin 
JN2 — C8 — C10 


111 C f r )\ 

111.5 (2) 


C 1 v., C /I 

M — Zn — a4 


nn m 
yy.3U (Z) 


pn po pin 
C9 — C8 — CIO 


nil f>\ 
112.2 (3) 


CI v.. C/1 

S3 — Zn — a4 


/1.V4 (Z) 


xn po uo 
JN2 — C8 — H8 


1 n"7 "7 
10/. / 


JN 3 — zn — a 2 


on nn /c\ 
oy.yU (3) 


pn po uo 
C9 — C8 — Ho 


1 n"7 "7 
10/./ 


M/1 V CI 

JN4 — Zn — a 2 


m *7n /c\ 
VZ. /U (3) 


p 1 n po uo 
CIO — C8 — H8 


1 n"7 "7 
10/./ 


C 1 v., C 1 

al — zn — a 2 


/1.03 (Z) 


po pn un a 
C8 — C9 — H9A 


1 nn c 
109.5 


CI v.. 

so — Zn — a2 


in/i *7 1 
1U4./1 {I) 


po pn i in i j 
C8 — C9 — H9B 


1 nn c 
109.5 


C /I v.. C 1 

a4 — zn — a.2 


1 *7n m fi\ 
1 /U.UZ (Z) 


un a pn uno 
H9A — C9 — H9r5 


1 nn £ 
109.5 


p 1 c 1 v.. 
CI — al — Zn 


O/i zn /0\ 
50. 3 / (o) 


po pn unp 
Ca — C9 — H9C 


1 nn £ 
109.5 


pi ci v.. 
CI — a 2 — Zn 


qa cn /o\ 
54. 3U (5) 


un a pn unp 
H9A — C9 — H9C 


1 nn £ 
109.5 


p/; el v 

Co — a 3 — Zn 


OC ZO\ 
53.ZZ (5) 


tjod pn unp 
rl9rs — C9 — H9C 


1 nn £ 
109.5 


p/; c a v 

Co — a 4 — Zn 


QA OC ZO\ 
54.53 (5) 


po pin uinA 
C8 — C 1 0 — H 1 OA 


1 nn £ 
109.5 


pi M1 pi 
CI — JN 1 — C2 


1 Tn i 
Ll\). I (Z) 


po pin nifiD 
C8 — C 1 0 — H 1 OB 


1 nn £ 
109.5 


pi M1 pi 
CI — JN 1 — C3 


lzZ.3 (z) 


uinA pin ni no 
H 1 OA — C 1 0 — H 1 OB 


1 nn £ 
109.5 


PI M1 PI 

C2 — JN 1 — CI 


11 /.3 (z) 


po pin uinp 
C8 — C 1 0 — H 1 UC 


1 nn £ 
109.5 


P/C Ml P"7 

Co — JN2 — C/ 


1 1 n n 
lly.v (Z) 


uinA pin ui np 
H 1 OA — C 1 0 — H 1 OC 


1 nn £ 
109.5 


p/: mo po 
Co — JN2 — Ca 


IzZ.o i\Z) 


u 1 nr> p 1 n u 1 np 
H 1 OB — C 1 0 — H IOC 


1 nn £ 
109.5 


p^7 mt po 
C/ — JN2 — Ca 


11 1.1 (Z) 


mi p 1 1 pn 
JN3 — Cll — C12 


1 n n 
123.0 (2) 


pi 1 Ml PI C 

CI 1 — JN3 — CI J 


1 1 o n/i c\ n\ 

1 1&.U4 (ly) 


Ml P 1 1 U 1 1 

JN3 — Cll — rill 


1| D f 

118.5 


pi 1 MT ~~f .-. 

CI 1 — JN3 — Zn 


1 T7 in /I CN 

127.37 (15) 


pn pii U11 
C12 — Cll — Hll 


118.5 


CI 5— N3— Zn 


114.51 (14) 


C13— C12— Cll 


119.3 (2) 


C22— N4— CI 6 


117.9(2) 


C13— C12— H12 


120.4 


C22— N4— Zn 


127.77 (15) 


Cll— C12— H12 


120.4 


CI 6— N4— Zn 


114.32(15) 


C12— C13— C14 


119.7 (2) 


Nl— CI— SI 


121.99(19) 


C12— C13— H13 


120.1 
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Nl— CI— S2 

51— CI— S2 
Nl— C2— H2A 
Nl— C2— H2B 
H2A— C2— H2B 
Nl— C2— H2C 
H2A— C2— H2C 
H2B— C2— H2C 
Nl— C3— C4 
Nl— C3— C5 
C4— C3— C5 
Nl— C3— H3 
C4— C3— H3 
C5— C3— H3 
C3— C4— H4A 
C3— C4— H4B 
H4A— C4— H4B 
C3— C4— H4C 
H4A— C4— H4C 
H4B— C4— H4C 
C3— C5— H5A 
C3— C5— H5B 
H5A— C5— H5B 
C3— C5— H5C 
H5A— C5— H5C 
H5B— C5— H5C 
N2— C6— S4 
N2— C6— S3 
S4— C6— S3 

N3— Zn— SI— CI 
N4— Zn— SI— CI 

53— Zn— SI— CI 

54— Zn— SI— CI 

52— Zn— SI— CI 
N3— Zn— S2— CI 
N4— Zn— S2— CI 
SI— Zn— S2— CI 

53— Zn— S2— CI 

54— Zn— S2— CI 
N3— Zn— S3— C6 
N4— Zn— S3— C6 

51— Zn— S3— C6 
S4— Zn— S3— C6 

52— Zn— S3— C6 
N3— Zn— S4— C6 
N4— Zn— S4— C6 

51— Zn— S4— C6 

53— Zn— S4— C6 

52— Zn— S4— C6 



120.82(19) 

117.15 (14) 

109.5 

109.5 

109.5 

109.5 

109.5 

109.5 

111.2 (3) 

111.6 (3) 

112.9 (3) 

106.9 

106.9 

106.9 

109.5 

109.5 

109.5 

109.5 

109.5 

109.5 

109.5 

109.5 

109.5 

109.5 

109.5 

109.5 

121.87 (19) 
120.21 (18) 
117.92(14) 
85.85 (10) 
27.03 (19) 
-104.98 (8) 
-177.95 (8) 
-2.27 (8) 
-93.38 (9) 
-169.12 (9) 
2.27 (8) 
96.72 (8) 
27.68 (16) 
43.33 (19) 
94.43 (9) 
-98.71 (8) 
-1.70 (8) 
-171.90 (8) 
-165.83 (9) 
-89.58 (9) 
97.88 (8) 
1.70 (8) 
73.51 (16) 



C14— C13— H13 
C15— C14— C13 
C15— C14— C19 
C13— C14— C19 
N3— C15— C14 
N3— C15— C16 
C14— C15— C16 
N4— C16— C17 
N4— C16— C15 
C17— C16— C15 
C20— CI 7— C16 
C20— CI 7— C18 
C16— C17— C18 
C19— C18— C17 
C19— C18— H18 
C17— C18— H18 
C18— C19— C14 
C18— C19— H19 
C14— C19— H19 
C21— C20— C17 
C21— C20— H20 
CI 7— C20— H20 
C20— C21— C22 
C20— C21— H21 
C22— C21— H21 
N4— C22— C21 
N4— C22— H22 
C21— C22— H22 

C2— Nl— C3— C5 
C7— N2— C6— S4 
C8— N2— C6— S4 
C7— N2— C6— S3 
C8— N2— C6— S3 
Zn— S4— C6— N2 
Zn— S4— C6— S3 
Zn— S3— C6— N2 
Zn— S3— C6— S4 
C6— N2— C8— C9 
C7— N2— C8— C9 
C6— N2— C8— CIO 
C7— N2— C8— CIO 
C15— N3— Cll— C12 
Zn— N3— Cll— C12 
N3— Cll— C12— C13 
Cll— C12— C13— C14 
C12— C13— C14— C15 
C12— C13— C14— C19 
Cll— N3— C15— C14 



120.1 
117.0 (2) 
119.5 (2) 

123.5 (2) 
123.0 (2) 
117.49(19) 
119.45 (19) 

122.6 (2) 

117.71 (19) 
119.66(19) 
117.6 (2) 
123.0 (2) 

119.4 (2) 
120.9 (2) 
119.6 
119.6 
121.0 (2) 
119.5 
119.5 
119.3 (2) 
120.3 
120.3 
119.6 (2) 
120.2 
120.2 
122.9 (2) 
118.5 
118.5 

56.7 (4) 
-177.3 (2) 
-2.4 (3) 
3.8 (3) 

178.72 (19) 

178.5 (2) 
-2.66 (13) 
-178.4(2) 
2.67(13) 
-106.7 (3) 
68.4 (3) 
128.3 (3) 
-56.7 (3) 
-0.3 (3) 
-176.88 (17) 
0.7 (4) 
-0.6 (3) 

0.1 (3) 
-178.4(2) 
-0.2 (3) 
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XT /I 7 \n pi 1 

JN4 — Zn — JN3 — CI 1 


1 *7A 1 /">\ 

—i /y.z (Z) 


7 Ml PI C p 1 A 

Zn — JN i — C 1 5 — C 1 4 




1 *7£ Ol /I H\ 

1 /0.5Z (1 /) 


c 1 7.. \n n i 
a 1 — Zn — JN i — C 1 1 


10.4 (Z) 


P 1 1 Ml PK pi/ 

Cll — JN3 — C15 — C16 




1 /5.Z (Z) 


el v.. \n n i 
S j — Zn — JN i — C 1 1 


-iz3.y {I) 


7~ Ml pi C pi/ 

Zn — JN i — C 1 5 — C 1 6 




-4.8 (2) 


C/1 7« Ml / ' 1 1 

M — Zn — JN j — C 1 1 


—53.43 (iy) 


P 1 1 P 1 A PK Ml 

CI i — C14 — CI J — JN i 




0.3 (3) 


co v.. \n n i 
5>2 — Zn — JN 3 — C 1 1 


0*7 n*7 ( 1 a\ 
57. y/ (IV) 


pin pi/i pk mi 
Ciy — C14 — C15 — JN3 




no n f~>\ 

i /5.y (Z) 


XT /I 7« XT1 PI C 

JN 4 Zn — JN i — C 1 J 


A AA ^1 C\ 

4.Uy (13) 


P11 P1/1 PK pi/ 

C13 — C14 — C15 — C16 




1 *70 1 /">\ 

— 1 /5.1 (Z) 


C 1 7.^ XT1 /~11C 

Si — Zn — JN i — C 1 5 


1 ^a to n c\ 
-loU.Zd (1!)) 


pin pi/i pk pu 
Ciy — C14 — C15 — C16 




0.5 (3) 


el v.. \n pi c 
SO — Zn — JN i — C 1 3 


57.4 (3) 


pm \T A PU P 1 "7 

C22 — JN4 — CI 6 — CI / 




A 1 /"3\ 

-0.3 (3) 


c a v.. \n pi c 
M — Zn — JN i — C 1 J 


yy.53 (Id) 


7 XT a pi/ p 1 "7 

Zn — JN4 — C16 — CI / 




1 *7A *7T H 7\ 

—i /y. /Z (1 /) 


ci 7.^ \n pi c 
S>2 — Zn — JN i — C 1 3 


-55. 11 (13) 


pm \t a pi/ pi c 
C22 — JN 4 — C 1 6 — C 1 5 




1 *7A T /">\ 

—i /y.z (Z) 


XT1 7« XT/1 P11 

JN 3 — Zn — JN 4 — C22 


1 "7*7 O 

1 / / .5 (Z) 


7~ XT A PU pi ( 

Zn — JN4 — C16 — C15 




1.5 (3) 


C1 V., XT /I PT1 

S 1 — Zn — JN 4 — C22 


-1ZU. / (Z) 


Ml Pi C pi/ XT A 

JN3 — C15 — C16 — JN4 




2.2 (3) 


CI 7.^ XT /I POT 

o3 — Zn — JN 4 — C22 


1 1 A /">\ 

1 1 .9 (2) 


P1/1 PK pi/ XT A 

C14 — C15 — C16 — JN4 




1 *7A 1 

_ i /y.3 (Z) 


C/1 7,, M/1 P11 

M — Zn — JN 4 — C22 


O/l 1 /">\ 

54.1 (Z) 


xti pi c pi/ pn 
JN i — C 1 5 — C 1 6 — C 1 / 




—1 /O.O (z) 


CI 7.^ Mi P11 

S>2 — Zn — JN 4 — C22 


— y3.U (Z) 


pi/i pk pu pn 
C14 — C15 — C16 — CI / 




1 A /QA 

1.9 (3) 


Ml 7 „ M/1 P 1 £. 

JN 3 — Zn — JN 4 — C 1 D 


— Z.yi (13) 


xt a pi/ pn pnn 
JN4 — C16 — CI / — C20 




A A (1\ 

-0.9 (3) 


C 1 7., XT /I pi/ 

M — Zn — JN4 — CI 6 


35.0 (3) 


pic pi/ pn pnn 
C 1 5 — C 1 6 — C 1 / — C20 




1 "7*7 A 

1 / / .y (Z) 


CI 7., XT /I PU 

S3 — Zn — JN 4 — C 1 0 


1 /; o *70 / 1 c\ 
-105. /5 (13) 


XT A PU pn pi n 

JN4 — C16 — CI / — C18 




1 *70 /I 

1 /5.4 (Z) 


C A 7., M/1 PU 

S>4 — Zn — JN 4 — C 1 0 


-yo.3y (13) 


PK p 1 / pn pin 

C 1 5 — C 1 6 — C 1 / — C 1 8 




-2.8 (3) 


cn 7„ M/i p 1 /; 
S2 — Zn — JN 4 — C 1 0 


50.31 (13) 


pin pn pio pin 
C20 — C 1 / — C 1 8 — C 1 9 




1 *7A 1 /">\ 

—i /y.3 (z) 


n mi pi ci 
C2 — JN 1 — CI — M 


1 /O.O (Z ) 


pi/ pn pio pm 
Clo — CI / — CIS — C19 




1 .4 (4) 


PI M 1 P 1 C 1 

CJ — JN 1 — CI — M 


A 1 SA\ 

-0.1 (4) 


pn pio pin p 1 a 
CI / — C18 — C19 — C14 




1.0 (4) 


PI M 1 P 1 CI 

C2 — JN 1 — C 1 — S>2 


-5.7 (4) 


PK P1/1 P1Q P1C 

CI J — C14 — C19 — CIS 




-2.0 (4) 


PI M1 PI CI 

CJ — JN 1 — C 1 — S2 


1 / 1.0 (2) 


P11 P1/1 pin pio 

C13 — C14 — C19 — CIS 




1 /0.3 (Z) 


7,, ci 1 pi XT 1 

Zn — a 1 — C 1 — JN 1 


-1 /S.6 (2) 


pi/ p i "7 pin pi 1 
C 1 6 — C 1 / — C20 — C2 1 




1.2 (3) 


Zn— SI— CI— S2 


3.58(13) 


CI 8— CI 7— C20— C21 




-178.1 (2) 


Zn— S2— CI— Nl 


178.6 (2) 


CI 7— C20— C21— C22 




-0.2 (4) 


Zn— S2— CI— SI 


-3.50 (12) 


CI 6— N4— C22— C21 




1.4 (4) 


CI— Nl— C3— C4 


106.4 (3) 


Zn— N4— C22— C21 




-179.31 (18) 


C2— Nl— C3— C4 


-70.4 (4) 


C20 — C2 1 — C22 — N4 




-1.1 (4) 


CI— Nl— C3— C5 


-126.5 (3) 








Hydrogen-bond geometry (A, °) 










Cgl is the centroid of the Zn,Sl,S2,Cl chelate ring. 








D—H-A 


D — H 


H-A 


D-A 


D — H- 


C7— H7b-S2 i 


0.98 


2.79 


3.734 (3) 


162 


C13— H13-S4" 


0.95 


2.82 


3.634 (2) 


145 


C21— H21-S1'" 


0.95 


2.84 


3.684 (3) 


149 


C20— H20-Cgl iv 


0.95 


2.74 


3.687 (2) 


173 


Symmetry codes: (i) x-1/2, ->>+3/2, z+1/2; (ii) -x+\, -y+\, - 


z+1; (iii) -x+3/2, >>+l/2, -z+3/2; (iv) x-1/2, 


->>+3/2, z-1/2. 
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